
486 MONTHLY WEATHER REVIEW. MARCH, 1910 

PAPERS ON CLIMATOLOGY IN RELATION TO AGRICULTURE, TRANSPORTATION, 
WATER RESOURCES, ETC. 

THE COUONINO FOREST EXPERIMENT STATION NEAR 
FLAGSTBFF, ARIZ. G. A. Pearson, Director. 

Summary from report prepared by A. E. HACKETT, Assistant Observer. 

The largest pine forest on the North American Continent es- 
tends from north-central Arizona in a southeasterly direction 
into southwestern New Mexico, a distance of approsiinately 250 
miles The forest occupies an extensive plateau, known as the 
Colorado Plateau, which has a general elevation of from 6,000 to 
8,000 feet above sea level, with numerous peaks the highest of 
which reaches an altitude of about 13,000 feet. Western yellow 
pine occupies the level mesas and lower slopes of the plateau 
from approximately 6,500 to 8,500 feet elevation, forming a belt 
10 to 30 miles in width. 

The timber of this region naturally grows in very open stands, 
the characteristic mode of occurrence being in sniall groups SO to 
300 feet in diameter, separated by openings of about the same 
size, but frequently there are much larger openings, some of them 
covering several hundred acres. These larger openings are coni- 
monly known as “parks”. A number of theories have been ad- 
vanced in esplanation of the origin of the parks of this region. 
One is, that they were once timbered but have subsequently 
been denudecl by fires. A more plausible theory in the case of 
most parks is that they are naturally treeless owing to the pres- 
ence of conditions unfavorable to tree growth. With a view to 
determining these conditions, and also the influence of forest 
cover on reproduction, the Cocoiiino Forest Esperinient station, 
with the cooperation of the Weather Bureau, began, in 19008, a 
systematic study of the nieteorological conditions obtaining in 
one of the larger parks, locally known as Fort Valley, and in the 
adjoining timber. This park lies about! S miles northwest of Flag- 
staff, Ariz., on the Coconino National Forest, and is about I +  
miles in width by 24 miles long, the major diameter extending 
northeast and southwest. The topography is practically level, 
and the average elevation approxiinately 7,300 feet above sea 
level. The soil is mainly a fine alluvial loam underlain at depths 
ranging from 1 to 3 feet by deposits of volcanic cinders. About 
one-forth of the land is under cultivation ancl the remainder is 
covered by a fairly dense growth of a low tufted grass. A motl- 
erately heavy forest of western yellow pine, opened in places by 
light cuttings, surrounds the park. The timber almost invaria- 
bly occurs at a slightly higher elevation than the acljacenb park 
land. In Flaces the timbered area rises from the edge of the 
park in a very gentle slope, while in other places there is a rather 
abrupt rise of 25 to 100 feet. Occasionally narrow, slightly ele- 
vated tongues of timbered land estend out into the opening a 
distance of 4 to 4 mile, and in two instances sniall isolated patches 
of trees occur on slight eminences well out in the park. The 
park and the surrounding timbered areas present the appearance 
of a partial basin. From 3 to 3+ miles north and east of the park 
begin the steep slopes of the San Francisco Mountains which, in 
a horizontal distance of from 1.9 to 2.5 miles rise from an eleva- 
tion of 8,500 feet to an elevation of 12,340 feet, or approximately 
5,000 feet above the level of the park. Minor peaks in the vicin- 
ity are Wing Mountain, about 2 miles northwest. and A-1 Moun- 
tain, at the southern edge of the park, with elevations of 5,500 
and 8,300 feet, respectively. On the south and west sides the 
steep timbered slopes rise 200 or 300 feet above the park to a 
level mesa which here forms the rim of the basin. 

The climate of this region which is fairly typical of the higher 
altitudes of Arizona and New Mesico, is characterized by great 
daily ranges of temperature and very marked seasonal varia- 
tions in precipitation, atmospheric moisture, and wind move- 
ment. Owing to the rapid radiation incident to high altitudes 
the change of temperature from day to night is very great, 

occasionally amounting to 80”. The precipitation occurs 
mainly during the summer and winter months, the former sea- 
son esteiirling from about July 15 to September 10, and the lat- 
ter from December to March, inclusive. During the summer 
rainy season, showers are very frequent ancl the relative humicl- 
ity is usually high. During the winter months the precipita- 
tion is mainly in the form of snow, which frequently accumu- 
lates to a depth of 3 or 4 feet. As a rule but little precipitation 
occurs from April 1 to Julyl, and tlie wind movement aiicl evapo- 
ration during these months are estrrmely high. This period is 
estremely trying on vegetation, especially forest seedlings which 
have not become well establisheil. d similar, though unusually 
much less severe, period of droughtr estencls from about Septem- 
ber 10 to December 1. 

Three meteorological stations were estal)lished on the western 
side of the Fort Valley park at which daily readings of tempera- 
ture, precipitation, relative humidity, and wind movement have 
been made since January 1, 1909. Evaporation readings were 
also taken at  a11 three stations from July 1 to October 31, 1909. 

Station No. 1 is located in tlie edge of a projecting point of 
tinil>er on the west side of the park, a t  an elevation of 7,261 feet. 

Tlie station is equipped with masimuni ancl mininiuni ther- 
mometers, psychrometer, anemometer, wind vane, recording 
rain gage, and one evaporating pan. This station is protected 
by timber on the west ancl northwest, but receives the full force 
of the wind from other directions, especially the southwest, 
which is the prevailing wind direction in this region. 

Station No. 3 is situated in the park 843 feet southeast of sta- 
tion No. 1, at an elevation of 7,317 feet. The instruiiiental 
equipment consists of niasimum and niinimuni thermometers, 
psychrometer, anemometer, rain gage, and evaporation pan. 

Station No. 3 is in  a virgin stand of western yellow pine, 1,453 
feet! west froni the edge of the park at an elevation of 7,345 feet. 
The equipment is the same <as at station No. 2. At each of 
these stations the thermometers are esposed in louvered sliel- 
ters, 4 feet above ground, and the anemometers are placed S feet 
above ground. The instruments were placer1 near the grouncl 
as it was desired to determine the conditions to which seeclliiig 
growth is esposecl. A t  the forest station the soil is a retlclish, 
loaiiiy clay, inked with large volcanic boulders and the grounrl 
cover consists of a sparse growth of grasses and other herbs. 
Practically no leaf litter is found beyond 30 feet from the trees. 
Tlie instruments are set in an opening 164 feet in diameter and 
are 66 feet from the nearest trees. 

All of the instrunieiit stations are sit.uatec1 slightly above the 
immediate surrounding country in order to secure good atmos- 
pheric drainage. The instruments have been read claily be- 
tween 4 and 5 p. ni. To determine whether or not the tempera- 
ture conditions observed at stations 1, 3, and 3 were typical of 
the whole park and the adjacent timber on both sides, three tem- 
porary stations were establishecl a t  which records were taken 
from January 25 to Feliruary 20, 1910. One of the stations was 
near tlie niitltlle of the park, one-half mile east of station No. 2, 
at an’elevation of 7,346 feet; another was in the park, 725 feet 
from the timber on the eastern side, elevation 7,364 feet, ancl the 
third was in a virgin stand of yellow pine 1,617 feet from the east- 
ern edge of the park, at  an elevation of 7,330 feet. Tempera- 
ture records were obtained at these stations by means of thermo- 
graphs checked by masimuni and minimum thermometers, and 
indicatecl practically tlie same relation between forest and park 
teniperatures as was found at the stations on the western side, 
escept that on the eastern side the claily maximum tempera- 
tures were slightly higher in the forest than in the park, while on 
the western side the reverse was the rule. At these temporary 
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stations the thermometers and thermographs were exposed in identical. The difference between the records in the forest and 
improvised shelters open on the north side. in the park in clear weather are less pronounced in summer than 

Table 1 presents a summary, hy months, of the temperature in winter. 
records at stations Nos. 2 and 3 for the year 1909. In seeking to account for the great difference between the 

iniiiiiiiuiii temperatures of the forest and the park, the first fac- 
tor to suggest! itself is the difference in radiation. The change TABLE l.-Sir~nntaru of tettiupralirre Gbtermtiotis nl C'orotiitio Forcst 

13.8 
18.7 

29.4 
24.8 

I Month. 

- -  
Expejittietit ,Station. 

Station ............. I d a  

1 O F  I ' F  
January ............ 43.5 43.5 
Fe lmary  ............ 42.2 43.3 
March ............... 142.0 42.1 
April. .............. i 56.3 56.1 
Yay ................. 64.7 82.7 
June ................. I 77.1 77.(l 
July ................I 78.3 I 78.0 
August ....... .......I 72.0 I 72.4 
&pteniher.. .......... 69.4 I RY. 5 
October.. .......... .I 65.9 ' 01.4 
November.. ......... 53.7 1 53.? 
kcernher.. ......... 36.4 

Year ........... 

39:1 i 32:2 i 58 I 5? 
24.4 I 28.n I 53 I 50 
26.4 30.4 51 51 
t c  e I nn 4 I nu I K c  

-. of t emperh re  froin day to night is usually very great at this 
i I f r a n  alt.itutle, owing t.0 excessive radiation, and it is possible that the 

Lo'vest. I 2::. tree crowns 1na.y exert a sufficient, retarding influence upon the 
loss of. heat bo not.iceably effect the tempreature of the forest. ! I I This opinion is supported by t.he fact that in cloudy weather 

_- i.--, -_ I.-- when racliation is reducetl to a minimum the lowest tempera- 
I - i - F tures recorded in t.lie timber are about the same as those recorded 

-14 I 4 I 28.8 I 22.7 in t.he park. But,, while it is very probable that the tree crow118 - 3 I 33.13 I 3 . 5  -18 1-  4 I 31.2 : 23.4 do ret,arcl racliat.ion to a marked degree, when we consider that 

... i .... 
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1 1  ? C  2 2, 9 . . "  . . .  ;;:! / Ti:; ! i'; ! ;; ii:: in a western pine forest t,he trees actually cover not more than 
55. 5s.s 87 I 90 25 I 32 I 4l .s  3i.j one-half of the tot,al ares, and that in this investigation the ther- 
611.y 01.5 i 9  59 1'2 4; i'1.0 21.8 monieters are esposetl in a small opening instead of directly un- 
.t?:s I 46:s 75 72 I 5 der the trees, it seeins cIoubt.fu1 whether the effect of the crowns 
32.4 37 0 I 67 --?(I - 1 woultl hc sufficient t,o account, for t,he great differences in tem- 

perat.ure bhat have bem observed. 

;; ! 
61.; ! 03.7 ! 89 90 1 35 38 : 34.0 3 . 6  

53 0 , 55 0 I ii 25 31 132,s 2i.11 i 5  
l3 , 4G,2 35.3 

. . . .  
I The fact t.li3t the 1):irli is slight.lv below the surroundine tim- 

FIG. 1.-Thermogram at Ht.at,ion No. 3 (Forest), Deccnihr 24-31, 1909. 

&IG. Z.--'l'herinogram at Stat.ioil No. 2 (Park), December 34-31, 1909. 

A comparison of the monthly means of temperature shows a 
slightly lower mean maxinium, but a niuch higher mean mini- 
mum, in the forest then in the park, which has the. effect. of in- 
creasing tlie monthly mean ant1 increasing the range in the forest. 
This relation holds throughout tlie year but, with the esception 
of the month of June, it was decidedly more marked during tlie 
winter than during the summer. The most striking difference 
is in the extreme minima, which are commonly from 10" to 16" 
higher in the forest than in the park. 

The relation between the forest and park temperatures in clear 
weather is strikingly shown by the thermograph curves in figures 
1 and 2. The curves for the forest (fig. 1) show, in addition to a 
much smaller daily range, less pronounced minor fluctuations 
and a more gradual change from one e?rtreme to the other. In 
cloudy weather the curves for forest and park are practically 

tles into the park, thereby reducing the temperature near the 
surface of the ground in the park much below that of the forest. 
But since the ininietliately surrounding forest, where the sta- 
tions arc located. is considerably below the country back of it 
ant1 only a few feet above tlie park, it seems that any cold air 
drainage froin the surrounding mountains and mesas should 
niake itself felt at the forest as well as at the park station. An- 
other esplmation of these conditions lies in the possible resist- 
ance offered by the forest to the atmospheric drainage from the 
Pan Francisco Mountains. The cold air of the upper mountain 
slopes would naturally settle into the valley below, thereby caus- 
ing a general niovenient away from the mountains. This cold 
air in passing over a tinibered area might be prevented to a cer- 
tain estent by the tree crowns from mixing freelywith the warmer 
air below, or underrunning it, being diverted over the tree tops 
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into the open park. Automatic records 6f wind direction a t  
station No. 1 indicate that there is a movement of air from 
the San Francisco Mountains toward the valley at  night. 

The great differences in temperature observed are probably 
due to a combination of the two causes mentioned, the drainage 
of cold air from the steep slopes of the mountains undoubtedly 
playing an important part in the reduction of the temperature 
in the park. However, the same conditions will probably be 
found to exist in practically all of the parks in the forest since 
they are nearly all lower than the country immediately surround- 
ing them. 

The records of wind movement a t  statio& Nos. 2 and 3 show 
that the average wind velocity is about twice as great in the park 
as in the forest. 

The mean daily evaporation in the forest for the 4 months, 
from July 1 to October 31, was from 65 to 77 per cent of that in 
the park. The decreased evaporation in the forest is undoubt- 
edly due to the decreased wind movement. 

The protective influence of the forest on vegetation is strik- 
ingly illustrated by two small plantings of western yellow pine at  
meteorological stations Nos. 1 and 3. Fifty 2-year-old plants 
were set at  each of these stations on April 22,1909. On May 21, 
90 per cent of the plants at  station No. 3 were alive, while a t  sta- 
tion No. 1 only ll  per cent were alive. Soil samples taken on 
the same date showed a moisture content of 17 per cent at  sta- 
tion No. 3, and 17.5 per cent a t  station No. 1, indicating that a t  
both places the available soil moisture was ample to keep the 
plants alive. Nevertheless the appearance of the dead seed- 
lings pointed to drought aa the cause of their death. No records 
of evaporation are available for this period, but the wind move- 
ment at  station No. 1 was practically twice as great as at station 
No. 3; there was but little precipitation, and the sky was gen- 
erally clear. The iderence is, therefore, that the plants a t  the 
edge of the forest, owing to the excessive evaporation, dried up 
in spite of the presence of abundant moisture a t  the roots, and 
that the relatively small loss in the forest was due to the protec- 
tion against evaporation. 

On large portions of the western yellow pine forests of this re- 
gion the most serious silvicultural problem which the forester 
has to meet is that of regeneration, and the practical value of a 
forest cover in moderating two of the extreme physical condi- 
tions most unfavorable to forest regeneration, namely, excessive 
evaporation and, to a certain extent, frost, has been demon- 
strated by the observations at Fort Valley. 

THE PETRIFIED FORESTS OF ARIZONA. 
By Prof. F. H. BIG~LOW. 

Inview of the interest in the subject of forests and climatology, 
it may be proper to recall a few of the well-known facta regard- 
ing the petrified forest in northern Arizona. A high escarp- 
ment of land, about 5,700 feet above sea level, stretches from 
Utah into northern Arizona. The Colorado River has cut its 
gorge across this escarpment, and to the southeast of the Col- 
orado extends the plain- of the Little Colorado on the top of 
this plateau the surrounding region being generally known 
as the Painted Desert. The Atchison, Topeka and Santa F6 
Railroad crosses the escarpment to the south of the Grand 
Canyon, by way of Flagstaff, Holbrook, and Adamana. The 
station Adamana lies between the Rio Puerco and the Rio 
Zuni. About 10 or 15 miles south of the railroad station 
Adamana lies the famous petrified forest. It consists, as shown 
in the accompanying photographs (figs. I+), of massive tree 
trunks, generally coniferous, some from 100 to 200 feet in 
length and as much as 4 feet in diameter. Others are broken 
up into large blocks and scattered around quite irregularly. 
The entire country has been heavily eroded, so that the original 
horizontal plain, in which these trees grew, remains in only a few 
isolated places. However, the roots and some of the tree trunks, 
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imbedded in the original soil, seem to 
ference being that there has been no i 

FIG. 1.-Eagle's Nest Rock. The pinnacle shows-them height 
the entire region hsa bees eroded by recent water a& 

westerly winds that the Sierra Nevada Mountains 
the Pacific Ocean and its winds, the Sierra Nevada 
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